Objective: To analyse the effect of extracurricular physical activities on fat mass accumulation and physical fitness during growth in early pubertal males. Design: Longitudinal study. Subjects: A total of 42 male children (9.471.4 years, Tanner I-II and 12.771.5 years, Tanner III-IV, before and after the 3.3 years follow-up, respectively), randomly sampled from the population of Gran Canaria (Spain), 26 of them physically active (PA, at least 3 h per week during 3 years) and 16 non-physically active (non-PA). Measurements: Body composition (dual-energy X-ray absorptiometry), anthropometrics (body circumferences and skinfolds) and physical fitness variables (dynamic and isometric force, anaerobic capacity and maximal aerobic power) were determined in all subjects. Results: Both groups had comparable body sizes at the start and the end of the study. Body mass index increased with growth more in the PA than in the non-PA group (Po0.05). However, fat mass accumulation with growth was lower in the PA than in the non-PA (Po0.05). There was a positive relationship between the increment of total and trunkal fat mass, especially in nonactive children (r 2 ¼ 0.93). In contrast, there was an inverse relationship between the total lean mass growth and the accumulation of total and regional fat mass (r ¼ À0.37 to À0.41, all Po0.05). Physical fitness was maintained in the PA, while it worsened in the non-PA children. Conclusions: Without any dietary intervention, children who regularly participate in at least 3 h per week of sports activities are more protected against total and regional fat mass accumulation. They also increase their total lean and bone mass to a greater extent than children who do not participate in extracurricular sport activities. In addition, PA children maintain their physical fitness during growth, while it deteriorates in the non-PA children.
Introduction
The prevalence of obesity and the incidence of obesityrelated diseases in children have increased greatly during the past few decades. [1] [2] [3] [4] [5] [6] Growth is associated with rapid changes in height, weight and body composition, [7] [8] [9] [10] which, in turn, may be modified by physical activity. [11] [12] [13] A mismatch between energy intake and energy expenditure results in a net accumulation of energy stores such as fat.
14 Therefore, two main approaches are possible to avoid body fat accumulation: reducing energy intake or increasing energy expenditure. While it is rather difficult to achieve and maintain a reduction of energy intake, 15 it is easy to raise children's energy expenditure just by increasing the amount of daily or weekly physical activity. Low levels of physical activity of modern-day children and adolescents is a critical cause for the obesity epidemic in the developed countries.
fact, we have recently observed that participation in extracurricular sports is associated with a lower fat mass and a healthier distribution of body fat in prepubescent males. 17 However, it is unknown to what extent increasing physical activity alone, without any nutritional intervention, results in a sustained reduction of body fat in prepubertal children. Without dietary counselling, increased energy expenditure through physical activity could be counteracted by energy intake in case of a higher appetite. An increase in physical activity over a long period of time (1 year) has been shown to be associated with a decreasing relative body mass index (BMI) in girls and boys aged from 9 to 14 years. 18 Since the improvement of physical fitness during growth requires participation in intense and regular physical activities, 19 it is possible that the subjects with the largest improvement in physical fitness will also show the highest reduction in body fat. In fact, it has been shown that aerobic fitness influences the subsequent increase in adiposity. 20 Moreover, we have recently observed that running speed is related to body composition in children. 17 However, very few longitudinal data concerning the relationship between fat mass accrual, physical activity and physical fitness in children have been published. In addition, fat distribution may have more relevant implications for health than the total amount of body fat. Visceral fatness, or the accumulation of intra-abdominal adipose tissue (IAAT), increases cardiovascular risk in children. 7, 21 In adults, several studies have shown that the most active individuals have the lowest IAAT after adjusting for total body fat. This suggests that physical activity may elicit a proportionally larger decrease in fat stored in the intra-abdominal cavity than in other regions in people with visceral fatness. 22, 23 Cross-sectional data also suggest that physical activity could promote a reduction of visceral fat 24 and trunkal fat in prepubertal and pubertal children. 17 However, there is a lack of longitudinal studies examining the effects of regular physical activity on physical fitness, body fat mass and its regional deposition in children. The aim of this study was to examine a cohort of prepubertal children before and after a mean of 3.3 years of extracurricular physical activity without any nutritional restrictions and to determine whether it alters the tendency to accumulate body fat during growth. In addition, we intended to determine if those children who improved their physical fitness the most also showed the greatest effect on the body composition as compared with children who showed the least progress in fitness during the follow-up period.
Materials and methods

Subjects
A representative sample of Gran Canaria child population was obtained by multi-age stratified sampling, using as a reference the database of the Instituto Canario de Estadística. In total, 433 healthy male children and adolescents, aged between 7 and 20 years, were recruited from different schools and sport clubs of Gran Canaria. 11 The subjects were stratified into two groups depending on the amount of physical activity performed in addition to the compulsory requirement of the Spanish academic curriculum, that is, 80-90 min per week of intense physical activity. Of all the participants, we selected those who were at prepubertal ages at the start of the study (Tanner 1-2) and who maintained the same physical activity during the 3 years of follow-up. This reduced the study population to 42 subjects. All of them attended the compulsory physical education sessions regularly. Those subjects, who in addition to the physical education classes also participated in extracurricular sport activities at least three times a week in the beginning of the study and during the 3 years of follow-up, were ascribed to the PA group. At the beginning of the study, the members of the PA group were footballers for at least 1 year and the mean duration of their participation in football was 2.070.3 years. At the end of the follow-up, one subject changed his sport from football to basketball and another two subjects changed from football to handball. The other 16 who were non-PA in the beginning and remained so during the followup were included in the non-PA group. In general, the active subjects participated in at least two training sessions per week and one competition during the weekend. Training sessions lasted 1 h, including about 10 min of low-intensity games and stretching exercises, 10-25 min of technical sports exercises (kicking actions, throwing, dribbling, jumping and running with fast accelerations and decelerations) and 20-30 min of match practice. Both parents and subjects were informed about the aims and procedures of the study, as well as about the possible risks and benefits. The subjects gave their verbal assent and written informed consent was obtained from their parents. The pubertal stage was self-assessed by children using Tanner's puberty rating. None of the subjects were on medication at the time of the study.
Experimental design
Physical fitness, body composition and anthropometrical variables were measured at the start of this cohort study and 3.3 years later. In addition, all subjects filled out questionnaires providing information about personal data, sports record (including the number of training hours per week) and medical history (that includes past injuries and medication). The study was performed in accordance with the Helsinki Declaration of 1975, and approved by the Ethical Committee of the University of Las Palmas de Gran Canaria.
Anthropometry and body composition
During both measurements, we used well-defined protocols, trained physicians and calibrated equipment in a standardised environment to minimise measurement errors. Height was measured in the upright position to the nearest Extracurricular sport activities and fat mass accumulation I Ara et al millimetre (Atlántida, Añó Sayol, Barcelona, Spain). Body mass was determined using a balance with a 50-g imprecision (Atlántida, Añó Sayol, Barcelona, Spain), calibrated with M1 calibration masses (toleranceo0.005% in mass). Skinfold thickness was measured in triplicate to the nearest mm on trunkal (subscapular, suprailiac, pectoral and abdominal skinfolds) and limb regions (tricipital, bicipital, thigh and medial calf skinfolds) with a Holtain skinfold caliper (Holtain Ltd., Crosswell, UK). Circumferences were taken with a non-extensible Harpenden anthropometric tape (Holtain Ltd., Crosswell, UK) at the trunk (thorax, waist and hip) and limbs (arm, forearm, wrist, thigh, calf and ankle). Skinfolds and circumferences were taken following previously published guidelines. 25 Total and regional body composition was estimated by dual-energy X-ray absorptiometry (DXA) (Hologic QDR-1500, Hologic Corp., software version 7.10, Waltham, MA, USA) as described elsewhere. 26 The validity of DXA was established by comparison with chemical analysis in animals 27 and its reliability was illustrated by an intraclass correlation of 0.998 for repeated measurements of the percentage of body fat in children. 28 For the body composition determinations, it was assumed that the hydration of lean body mass is 73.2% and the percentage of fat in the brain 17.0%. 29 Lean body mass (g), body fat (g) and BMC (g)
were calculated from whole-body scans. Additionally, total body scan subregions are reported. The arm region included the hand, forearm and arm, and was separated from the trunk by an inclined line crossing the scapulo-humeral joint, such that the humeral head was located in the arm region. The leg region included the foot, the lower leg and the upper leg. It was separated from the trunk by an inclined line passing just below the pelvis, which bisected the femoral neck crossing the neck of the femur. The head region comprises all skeletal parts of the skull and cervical vertebra above a horizontal line passing just below the jawbone.
Overweight and obesity
Children were considered as overweight or as obese when their BMI was equal to or greater than the international cutoff point corresponding to the centile curve that passes through the BMI curve of 25 kg m 2 at the age of 18.
30
Physical fitness Dynamic and maximal isometric force. Isometric and dynamic forces of the lower extremities were assessed, since most forms of physical activity involve the lower extremities, while the utilisation of the upper extremities is more variable. 31 Muscle dynamic force and power were determined using the vertical jump test, because this test recruits the majority of the musculature of the lower extremity. 32 The forces generated during vertical jumps were measured with a force plate (Kistler, Winterthur, Switzerland). Each subject performed a squat jump (SJ), starting with knees bent at 901 and without previous counter movement. The jumping height (Hj) of the best of three trials was taken as the performance achieved in this test. The maximal isometric force (MIF) during the leg extension in the squat position (knees bent at 901) was also measured with the same force plate, described previously. 26 The knee angle was measured with a digital goniometer (Lafayette Instrument Company, Lafayette Indiana). Briefly, during 5 s, subjects were encouraged to exert the highest strength in the lowest time possible. The best of three attempts, with 1 min rest period in between, was recorded.
Anaerobic capacity. A 300-m running test was used to estimate the anaerobic capacity because it is the first determinant of performance in maximal all-out efforts eliciting exhaustion between 30 and 60 s. 33 Performance in this test may be improved in those subjects who participate in exercise disciplines that involve multiple sprints that are repeated with short recovery periods. 34 The test was performed on a 400 m track, and timings were measured manually. The subjects were asked to run the 300 m as fast as possible.
Running speed test. The performance in a running speed test depends on muscle power and coordination. 35, 36 The time needed to cover 30 m (T 30 ) was measured with photoelectric cells (General ASDE, Valencia). The timer is automatically activated when the subject crosses the first cell, every 5 m thereafter. The subjects were encouraged to run as fast as they could, and the best performance achieved in three trials separated by at least 1 min rest period was taken as the representative value of this test. This test was included in the assessment of physical fitness because it gives a highly reliable assessment of the muscle power of lower extremities.
11,17,37
Aerobic maximal power. The maximal aerobic power or maximal oxygen uptake (VO 2 max) is one of the main determinants of endurance capacity. 38 The maximal oxygen uptake (VO 2 max) was estimated using a maximal multistage 20-m shuttle run test as devised by Luc Leger. 39 Subjects were required to run back and forth on a 20 m course and be on the 20 m line at the signal of a beep. The frequency of the sound signals increases in such a way that running speed starts at 8.5 km h À1 and is increased by 0.5 km h À1 each minute. The time the subjects were able to run for was recorded to calculate the VO 2 max. This test has been shown to be valid and reliable for the prediction of the VO 2 max. 39 
Statistical analysis
Descriptive statistics were run on all variables to check for the assumptions of normality and homoscedasticity. Group differences were evaluated using Student's unpaired t-test. Analysis of covariance was used to determine whether there were significant differences between groups in fat mass accumulation entering the increment of height, body mass and age between the start and the end of the study as covariates. The reason for using these covariates is based on Extracurricular sport activities and fat mass accumulation I Ara et al evidence identifying height, age and body mass as influential factors on body composition in previous studies. [40] [41] [42] Additionally, bivariate correlation and linear stepwise multiple regression were applied to identify the relationship between physical fitness and body composition variables and to determine the best predictor of fat mass accumulation. The SPSS package (SPSS Inc., Chicago, IL, USA) was used for the statistical analysis. The significance level was set at Po0.05 and all data are presented as means7standard deviation (s.d.).
Results
Physical characteristics
The age and physical characteristics of both groups were comparable at baseline and 3.3 years later (Table 1) .
Anthropometry and body composition
At the beginning and at the end of the study, both groups had comparable anthropometric values. After the 3.3 years, the waist-to-hip ratio decreased significantly in both groups by 0.03 arbitrary units (Po0.05, power 0.9 and 0.6 for active and non-PA groups, respectively), while the circumferences increased between 11 and 24% in both groups (Po0.001, power ¼ 1). Between the start and the end of the study, the BMI increased significantly more (14.7%) in the active subjects than in the non-PA ones (9.0%) (Po0.05, power ¼ 0.6). The thickness of the abdominal, iliac, medial calf, subscapular and suprailiac skinfolds increased with growth in both groups (statistical power between 0.6 and 1), without significant differences between groups (statistical power o0.4) ( Table 2 ). In contrast, the circumferences of the arm, forearm, wrist, waist, thorax and superior thigh increased more in the PA than in the control subjects (Pp0.05, power between 0.5 and 1) ( Table 2) . During the 3-year follow-up, the total body fat mass was incremented, but to a lower extent in the active than in the control group (Po0.05, power ¼ 0.8), due to the lower accumulation of body fat in upper and lower extremities. Consequently, at the end of the study, the total body fat tended to be lower (15% less) in the active than in the control group (9.474.7 vs 11.077.8, P ¼ 0.08, power ¼ 0.4). 27 .2710.6% in PA and non-PA groups, respectively, powero0.8) between the start and the end of the follow-up. However, at the end of the study, trunkal fat mass and fat mass in the lower extremities tended to be higher in the control group than among the PA subjects (2. Table 3 ).
The increase in trunk fat mass explained 35% of the variance of the increase in whole body fat (r 2 ¼ 0.35; Po0.05)
in the active group, while it accounted for 93% of variance of the increase in whole-body fat mass in the control group (r 2 ¼ 0.93) (Figure 1 ).
Relationships between the increments in body mass, lean mass, fat mass and body mass index Height and weight increases had a strong positive correlation between them and also with the BMI increase (r ¼ 0.70-0.73, all Po0.05). An inverse relationship was observed between the increases in total lean mass and the increase of total and regional fat masses (r ¼ À0.37 to À0.41, all Po0.05) (Figure 2) . Furthermore, the change in the percentage of fat mass was correlated inversely with the increase in upper limb and total lean masses in the whole group (r ¼ À0.66 to À0.68, all Po0.05) (Figure 3 ). When anthropometrical variables only were included in the model, the increments of body mass (DBM, in %), height (DHT, in %), age (D AGE, in %) and thorax circumference (DTHC, in %) had the highest predictive value for accumulation of body fat (in %), as reflected in the following equation:
Dwhole body fat mass ¼20:67 þ ð3:07ÁDBMÞ À ð13:84ÁDHTÞ þ ð3:25ÁDAGEÞ À ð1:56ÁDTHCÞðR¼ 0:87; SEE ¼ 25:3; P o0:001Þ BMI, body mass index; NS, non-significant. No significant differences were observed between groups at the start and end of follow-up. (The statistical power for all these comparisons was lower than 0.11.)
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Physical fitness and body composition
At the end of the study, the active group attained better results in aerobic fitness and anaerobic capacity than the control group. Intragroup differences are shown in Table 4 .
Multiple regression analysis showed that when physical fitness variables were included, the changes in VO 2 max (DVO 2 max, in %) and in the height jumped in the SJ (DHJSJ, in %) had the highest predictive value for the accumulation 
Discussion
The major findings that emerge from this study are: (1) Early pubertal male children who participate in extracurricular sport activities for at least 3 h per week over a 3-year period increased their total fat mass to a lower extent than their non-PA matched counterparts. (2) There is a positive relationship between the increment of total and trunkal fat mass, especially in non-active children. In contrast, there is an inverse relationship between total lean mass growth and the accumulation of total and regional fat mass. (3) The accumulation of whole-body fat mass can be predicted using the changes in body mass, height and thorax circumference in growing children. (4) During the prepubertal years, PA children maintain their physical fitness and their body composition, while the physical fitness and body composition of the less active children worsen.
Out-of-school sport activities and body composition in prepubertal children In this cross-sectional study, we observed that regular participation in sports activities is associated with increased physical fitness and lower fat mass in prepubertal children. 17 The longitudinal design of the present investigation allowed us to show clearly that PA children accumulate less body fat mass and increase their lean body mass and the bone mass more than the children from the same population who do Extracurricular sport activities and fat mass accumulation I Ara et al not participate regularly in sports. Moreover, our data show that most of the variance in the increase of body fat mass experienced by the control group could be ascribed to changes in the fat mass deposited in the trunk region. Although, DXA cannot distinguish between subcutaneous abdominal fat and visceral fat, it has been shown that DXA trunkal fat correlates closely with visceral fat. 43 Of particular relevance is the fact that this effect was achieved without any nutritional restriction, that is, the subjects in both groups were eating freely during the 3.3-year follow-up period. Although exercise alone may be insufficient to elicit weight loss in obese children, 44 our data show that regular participation in sports is associated with a lower accumulation of body fat in normal children. Moreover, diet-based weight-reduction programmes for children with obesity have been associated with a reduction in the rate of bone mass accumulation during growth, the latter being proportional to the amount of weight lost. 45 In addition, diet-based weight-reduction programmes are less efficient in eliciting a long-lasting reduction in body weight than programmes combining diet and exercise. 46 It is likely that with nutritional counselling to the families and children a greater effect on fat mass accumulation could have been achieved and additional benefits for health could have also been obtained from sports participation.
Total fat mass accumulation (%)
-
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Body mass index and obesity in physically active children Due to the large collections of stature and weight data in many surveys, BMI is the variable selected for childhood obesity analysis most frequently. 48, 49 In a recent article, Wright et al. 50 have shown that BMI at 9 years of age has a moderate correlation with BMI at 50 years of age, but not with the percentage of body fat estimated from bioelectrical impedance measurements. Only children identified as being 'obese' (BMI490th percentile) at 13 years of age had an increased risk of obesity as adults. However, BMI is not an accurate method to measure obesity, particularly when subjects with different physical activity levels are compared. 51 In fact, this investigation shows discordance between the changes in the % BF and the changes in BMI in the active group. While the percentage of body fat remained at the same level in both groups, the BMI increased significantly more in the active than in the non-active children. At the start and end of the study, our subjects had BMI values that lay close to the median value reported for several countries. 30 Due to the development of the lean mass and lean mass accumulation (c) and the increase in the percentage of body fat. Extracurricular sport activities and fat mass accumulation I Ara et al with growth, a physiological increase of BMI of approximately 12% was expectable from the start to the end of the follow-up. 30 However, active subjects increased their BMI by almost 15%, while the non-active subjects increased their BMI by 9%. This could lead to the wrong interpretation that the active subjects increased their adiposity more than their non-active counterparts, when actually it was the non-active subjects who experienced a significantly higher increase in their fat mass. This illustrates that in PA prepubertal male children an increase of BMI is not always caused by fat mass accumulation. According to Maynard et al, 52 we calculated the quotients total lean mass/(height 2 ) and total fat mass/ (height 2 ) as an estimation of the lean and fat components of the BMI. As previously reported, 52 both components increased with growth in both groups, without a significant effect of physical activity. Specifically, the increments of the fat component of the BMI were 18.277.4 and 15.979.6%, and the increments of the lean mass component of the BMI were 12.071.7 and 12.472.2% in the PA and control groups, respectively (differences between groups are not statistically significant). Thus, this partitioning of the BMI into its fat and lean components may also lead to a wrong conclusion: the active subjects increased their BMI to a larger extent than their non-PA counterparts because they accumulated more fat mass. The assessment of body composition by DXA allowed for an important interpretation of BMI and the appropriate conclusion: the active group had a higher increase of total lean mass and a lower increase of total fat mass.
Regional fat distribution and waist circumference Intra-abdominal fat deposition is associated with dyslipidaemia and reduced insulin sensitivity in children. 21 In this study, both groups also showed a similar increase in the percentage of body fat accumulated in the trunk region: at the end of the current investigation, both groups had increased the amount of fat accumulated in the trunk by the same absolute quantity (1.2 and 1.6 kg). However, when both groups were compared directly at the end of the followup, the active group showed a tendency towards a lower absolute trunk fat mass than the control subjects. Actually, our data indicate that most of the variability in the body fat was accounted for by changes in the trunk body fat mass, particularly in the less active children. In turn, the PA children had a much lower increase of fat mass in the upper and lower extremities as measured with DXA. A similar effect was observed in the trunk region, but these differences did not reach a statistical significance. The absolute amounts of body fat gained were 3.19 and 4.04 kg for the active and control subjects, respectively (or 1.22 and 0.97 kg per year). This implies that each year the non-PA subjects accumulated 258 g of body fat, with most of it deposited in the trunk region. Thus, both groups showed a positive energy balance (210 and 167 kcal per week, respectively). The mean daily resting energy expenditure for these children may be estimated at 1560 kcal per day, 53 implying that just an increase of 2% in daily energy expenditure while maintaining energy intake would lead to a balanced energy intake and no neat gain of body fat. This should be easily achievable by additional physical activity and nutritional counselling.
Physical fitness
Aerobic power declines from childhood to adolescence 54 as height, weight and body composition changes reduce the effectiveness of the aerobic system. These changes are typically associated with a decline in physical activity levels. 55, 56 As expected in our study, weight and height were increased significantly in all children with growth (15.4-16.5 kg and 19.8-22.1 cm). However, although the endurance time achieved in the 20 m shuttle run test was significantly increased in both groups, the VO 2 max values (which are relative to the body mass of the subject) were reduced only in the non-active group. This means that the active children maintained their VO 2 max values despite the major changes in body size observed with physiological growth in the 3.3-year follow-up period, while VO 2 max values were impaired in the non-active children. The MIF increased with growth in both groups; however, with time, only the active group maintained their performance at the end of the follow-up when assessed in relative values, that is, force/body mass. These data support the idea that during the peripubertal years active children maintain their physical fitness and body composition, while the physical fitness and body composition of the less active children worsen.
In summary, the practice of sports outside school schedule (at least 3 h per week) during 3 years seems to be efficient in reducing the accretion of total and regional fat mass (particularly at the trunk and upper extremities) and to enhance the gain of total lean mass. Total fat mass increases as a consequence of accumulation of body fat in all regions, but particularly in the area of the trunk in the non-active subjects. Interestingly, the children who increase their lean mass the most tended to accumulate less whole body and trunkal fat mass. Moreover, regular participation in sports was associated with better physical fitness and it also enhanced the whole-body bone mineral accumulation.
